The AATF has been used t o s t u d y wakefield a c c e l e r a t i o n and f o c u s s i n g in plasmas and RF s t r u c t u r e s . A PC-based s y s tem is d e s c r i b e d which i n c o r p o r a t e s the f u n c t i o n s of beamline c o n t r o l and a c q u i s i t i o n , s t o r a g e , and p r e l i m i n a r y a n a l y s i s of v i d e o images from luminescent s c r e e n beam d i a g n o s t i c s .
INTRODUCTION
The AATF was designed t o measure w a k e f i e l d s in c o n v e n t i o n a l and d i e l e c t r i c loaded s t r u c t u r e s and in plasmas by u s i n g a l o w -i n t e n s i t y e l e c t r o n bunch to i n t e g r a t e the a c c e l e r a t i n g and d e f l e c t i n g f i e l d s induced by a high i n t e n s i t y d r i v e r bunch as i t p a s s e s through a test device.
Resul tf-grom t h e s e experiments have been published elsewhere.
In t h i s r e p o r t , the emphasis is on the c o n t r o l and d a t a a c q u i s i t i o n system used a t the f a c i l i t y .
A p l a n view of the AATF is shown in Fig. 1 . I t s main f u n c t i o n is to s p l i t t h e 22 MeV e l e c t r o n bunches from the ANL chemistry d i v i s i o n l i n a c i n t o two bunches, a high i n t e n s i t y (3-4 nC) 22 MeV " d r i v e r " bunch and a low i n t e n s i t y 15 MeV "witness" bunch. The w i t n e s s beam is produced by dE/dx l o s s e s of a f r a c t i o n of the i n c i d e n t e l e c t r o n s which a r e i n t e r c e p t e d by a g r a p h i t e t a r g e t . The two bunches are then t r a n s p o r t e d through t h e i r r e s p e c t i v e beamlines, w i t h the temporal s e p a r a t i o n ( d e l a y ) between the two bunches v a r i e d by a d j u s t i n g the p h y s i c a l l e n g t h of the low-energy l i n e w i t h a trombone.
A f t e r recombination t h e two bunches pass through t h e e x p e r i m e n t a l s e c t i o n and then i n t o a s p e c t r o m e t e r , which p e r m i t s simultaneous measurement of the energy change and t r a n s v e r s e d e f l e c t i o n of the two bunches.
Beam d i a g n o s t i c s a r e e n t i r e l y d e s t r u c t i v e , c o n s i s t i n g of phosphor s c r e e n s and Faraday cups which a r e i n s e r t e d and r e t r a c t e d from t h e beamlines by means of pneumatic a c t u a t o r s . L i g h t from the phosphors is d e t e c t e d using c o n v e n t i o n a l CCTV cameras with the e x c e p t i o n of the low-energy p o r t i o n of the s p e c t r o m e t e r f o c a l plane, where a camera equipped w i t h a n image i n t e n s i f i e r is employed.
SYSTEM OVERVIEW
The c o n t r o l and d a t a a c q u i s i t i o n system is based on a n IBM PC/XT p e r s o n a l computer, equipped w i t h commercially a v a i l a b l e i n t e r f a c e cards.
A block diagram of the system is shown in Fig Magnet s u p p l i e s and d i a g n o s t i c a c t u a t o r s a r e c o n t r o l l e d and monitored through a s i n g l e -c r a t e CAMAC system. A K i n e t i c Systems KS-2925 c a r d provides the i n t e r f a c e t o the PC, and is used in c o n j u n c t i o n w i t h a KS-3920 c r a t e c o n t r o i l e r . The quadrupole magnet s u p p l i e s were b u i l t in-house, and were designed t o be s e t from a CAMAC 2 4 -b i t TTL o u t p u t r e g i s t e r .
Bending magnet s u p p l i e s were purchased commercially, and a r e c o n t r o l l e d by a n a l o g l e v e l s provided by a 1 2 -b i t DAC module. Monitor v o l t a g e s from power supply s h u n t s are r e a d back u s i n g a 32 channel 1 2 -b i t d a t a l o g g e r . D i a g n o s t i c a c t u a t o r s a r e p o s i t i o n e d using a n o t h e r o u t p u t r e g i s t e r .
S i g n a l s from the v i d e o cameras are d i g i t i z e d u s i n g a D a t a T r a n s l a t i o n DT2803 frame g r a b b e r . The d i g i t i z e d video frames have a 256 X 240 s p a t i a l r e s o l u t i o n , w i t h a 6 -b i t dynamic range. A c e r t a i n amount of r e a l -t i m e image enhancement is p o s s i b l e , using o u t p u t lookup t a b l e s t o map gray l e v e l s i n t o f a l s e c o l o r . T h i s f e a t u r e is p a r t i c u l a r l y u s e f u l when tuning the low energy l i n e , where the beam i n t e n s i t i e s involved a r e small. Camera s e l e c t i o n is done u s i n g a DT2859 v i d e o m u l t i p l e x e r .
The m u l t i p l e x e r has two o u t p u t c h a n n e l s , which a l l o w simultaneous d i s p l a y of the raw v i d e o s i g n a l as well as the processed s i g n a l through the frame grabber. The low energy l i n e trombone is p o s i t i o n e d by means of a s t e p p i n g motor c o n t r o l l e d by a Compumotor PC21 i n d e x e r card. F i n a l l y , the Faraday cup c u r r e n t s are measured u s i n g a K e i t h l e y 480 d i g i t a l picoammeter, which is read o u t by the PC through a Metrabyte MBC-488 GPIB i n t e r f a c e c a r d .
ONLINE SOFTWARE
P1 is the o n l i n e program f o r the AATF. The s o f t w a r e is w r i t t e n p r i m a r i l y i n FORTRAN, w i t h some low-level f u n c t i o n s handled by assembly language r o u t i n e s . 
In a d d i t i o n to beam t u n i n g , P1 i s a l s o used t o c o n t r o l the d a t a a c q u i s i t i o n p r o c e s s , i.e. the measurement of the l o n g i t u d i n a l and t r a n s v e r s e w a k e f i e l d s induced by the beam in the d e v i c e under t e s t .
The procedure used is known a s a "delay scan".
The experimenter s e l e c t s the camera which views the w i t n e s s beam s p o t a t t h e s p e c t r o m e t e r f o c a l p l a n e , then s p e c i f i e s the d e l a y increment and t o t a l number of d e l a y v a l u e s d e s i r e d . P l then proceeds to move the trombone by the s p e c i f i e d d e l a y increment, d i g i t i z e s a frame, and r e a d s the beam c u r r e n t from the picoammeter. A t t h i s p o i n t the e n t i r e frame or (more u s u a l l y ) an a r e a -o f -i n t e r e s t (AOI) surrounding the beam s p o t is saved to d i s k , along w i t h the d e l a y and beam c u r r e n t information.
The p r o c e s s is r e p e a t e d u n t i l the d e s i r e d number of d e l a y v a l u e s is reached. 
y ) . C r o s s h a i r s may be d i s p l a y e d and p o s i t i o n e d t o s e l e c t a s i n g l e p i x e l or A O I . Frame d i s s e c t i o n f e a t u r e s i n c l u d e p l o t s of v e r t i c a l and h o r i z o n t a l p r o f i l e s through a given p i x e l , p r o j e c t i o n s of the
A O I , c o n t o u r p l o t s , and g r a y -l e v e l histogramming. These p l o t s a r e d i s p l a y e d on the g r a p h i c s s c r e e n , u s i n g a FORTRAN c a l l a b l e g r a p h i c s package (PSTEK) developed f o r t h i s purpose.
P r e v i o u s l y a c q u i r e d d a t a frame sequences may be played back and a n a l y z e d , with the o n l i n e wakefield a n a l y s i s a l g o r i t h m e s s e n t i a l l y t h e same a s the o f f l i n e procedure d e s c r i b e d i n the n e x t s e c t i o n .
WAKEFIELD DATA ANALYSIS
Once the d a t a has been taken, the n e x t s t e p is to e x t r a c t the w a k e f i e l d s ( o r more p r o p e r l y the wake p o t e n t i a l s ) from the d e l a y scans. For the o f f l i n e a n a l y s i s , the d a t a i s t r a n s f e r r e d t o a VAX u s i n g KERMIT or a similar communication program. S i n c e the w i t n e s s beam i n t e n s i t y is s e v e r a l o r d e r s of magnitude s m a l l e r than t h a t of the d r i v e r , a s i g n i f i c a n t background of low energy e l e c t r o n s is p r e s e n t which r e s u l t s from s c r a p i n g of the d r i v e r beam i n the t e s t s e c t i o n and spectrometer. While a simple s u b t r a c t i o n of a s i n g l e witness-off frame i s adequate i n some c a s e s , i n g e n e r a l the l a r g e frame to frame background f l u c t u a t i o n s r e q u i r e a s e p a r a t e background to be o b t a i n e d f o r each frame. A s a t i s f a c t o r y s o l u t i o n is obtained by approximating the background l o c a l l y a s a plane i n (x,y,gray l e v e l ) space, and f i t t i n g to the p i x e l s i n a border ( t y p i c a l l y 5-6
p i x e l s wide) around the A 0 1 i n each d a t a frame.
The bend and nonbend view w i t n e s s beam c e n t r o i d s a r e then computed f o r each backgrounds u b t r a c t e d frame, and p l o t t e d a s a f u n c t i o n of w i t n e s s d e l a y to y i e l d the l o n g i t u d i n a l and t r a n s v e r s e wake p o t e n t i a l s . E r r o r s a r e e s t i m a t e d from the spread i n the measurements f o r the non-causal p a r t of the wake.
Conversions from p i x e l to energy and p o s i t i o n u n i t s a r e 10.4 keV/px and 0.75 mm/px r e s p e c t i v e l y . An example of a l o n g i t u d i n a l wake p o t e n t i a l measured a t the AATF is shown i n Fig. 3 for a d i e l e c t r i c w a k e f i e l d device.
The i d e a l probe of t h e w a k e f i e l d s would be a s i n g l e e l e c t r o n , or a t least a very s h o r t w i t n e s s p u l s e with small t r a n s v e r s e dimensions. The method used h e r e f o r producing the w i t n e s s beam y i e l d s bunches w i t h dimensions similar t o those of the d r i v i n g bunch. The wake p o t e n t i a l c a l c u l a t e d from w i t n e s s c e n t r o i d s f a thus a n average over the l o n g i t u d i n a l and t r a n s v e r s e dimensions of the bunch, which m u s t be unfolded t o o b t a i n the t r u e wake p o t e n t i a l .
In a c t u a l p r a c t i c e , when comparing the e x p e r i m e n t a l r e s u l t s to theory, the t h e o r e t i c a l p r e d i c t i o n s a r e smeared by the a p p r o p r i a t e w i t n e s s dimensions.
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